Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2001-345435 
(43)Date of publication of application : 14.12.2001 



(51)Int.CI. 



H01L 27/12 
B24B 9/00 
H01L 21/02 
H01L 21/304 



(21 Application number : 2001-090803 



(22)Date of filing : 



27.03.2001 



(71 Applicant : SHIN ETSU HANDOTAI CO LTD 
NAGANO DENSHI KOGYO KK 

(72)Inventor : ABE TAKAO 
TAKEI TOKIO 
OKABE KEIICHI 
MIYAJIMA HAJIME 



(30)Priority 
Priority number 



2000091882 Priority date : 29.03.2000 Priority country : JP 



to 



(•) 



4- 



(54) SIUCON WAFER, MANUFACTURING METHOD OF LAMINATED WAFER AND LAMINATED 
WAFER THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a mirror-polished wafer having less sagging 
due to polishing (the sagging of the periphery of the wafer) 
by a comparatively simple and convenient method and a 
manufacturing method of a laminated wafer having an SOI 
layer or a bonding layer not having its outer peripheral 
removed region or reduced its outer peripheral removed 
region and to provide the laminated wafer. 
SOLUTION: When the chamfering width on the side of the 
surface of a silicon wafer is assumed to be X1 and the 
chamfering width on the side of the rear of the wafer is 
assumed to be X2, the wafer having the chamfering parts 
formed on the condition of XKX2 is prepared and after the 
surface of the wafer is mirror-polished, the wafer is again 
chamfered so that the chamfering width on the side of the 
surface of the wafer is set on the condition of X3 (X3>X1). 
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x 2 T*a& 5 t» »*£-r -> n y * x -/ N^fflit 
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X l fcU ■ffi«0S5ffiDB*X2fc-r*i:*, x 1 < 
ffliJOSffi0fi^X3 (X3>X1) fcttSidKBBWO 

toi-r s c k k -r* 5/ u a y * x nosi 

X 1 fcU Sffiffl!J<OBI2D"IS*X2 fc-TSfct, X 1< io 

maws*TW»uTttt)^*>«s o i *x-M*fBH 

IS SO I ^i-^OSO I JfffiiJcDSSO®®') 

*B^X3 (X3>xi) latz&oicwmQlmxtzc 
fc*»«fc-r*Ki9*t>«s o i ^i-Aosiim 

XitU aE«l£>BflK?>i»S:X 2 fTStt. X l < 

X2T-fei l S©t)ei5^ : fir-r5>"j3V'>x-/^2lSffl 20 

stu w^x-/MO«a5*affiw*ufca, -t?<d^x 
o^fc^so i«>x-M%fiF«ibfca,-«so i fi- 

7N<DS0 I JHl!l<DgE4>Elfc!>*BtfX3 (X3>X1) 

ic & * «}; a tc EHJ 0 iax-T § c t t 1 i 15 0 

#so i ^x-Mosism, 30 
xitu se{ij<oei& oinsrx 2 t-r -at xi< 

X2Tft*ffi«9SS** , r*">"j3>'>x-/N*2ttffl 

*u w*x-/\©sffi«affiflt*Lfc»» aflat**!- 

ffiSWSSTMWUCKOSfctfS 0 I «>x-/%*f|Ei| 
Lfc&, i£S O I <>x-M<D'>*< ttSO I H{S}iJ<7>S 

0 I ^x-/n(D^5I^?£o 
[W#«5] S/yaytfx-^OSffifflOffiJRO** io 
XltU aSSfi!)(OSK0li?rX 2 fc-rstt. Xl< 
X 2T'*5Sffi0gP**-r5v"J n>">x-/N% 2ttffl 

gu s«>x-/NoaiB*aifiBieLfc^ -#<d*x 

< t fc-£*&ALTf*9gPfc$'MUSJI 
(aA/f) *JBi«U KfkM^/>LTffi?7<D>i7x-/N 

tulBSW^iSJi T-tf > K >> x -/ N^rSf K fUJIS bT 15 
O^fetfSO I Di-^ffiBLftl, gSOI'Ji- 



cm«9i6] wia»ffiffi»t)fcii«:ffafi9K. lutes 

0 I «>x-/MOSO IJUMOSEOBKDSfcT-TBf 
SSfc ««WfiiJiQXK J: o TMSf « c t t f £ 
H««4Sfc«5K:lH«OBSt)^to-&SO I ^x-mco 

[W*3S7] tt«JB2 7bS»*3!l6 0{3in^l«KJ: 

$X— 7\, 

[fl^il 8] ^U3y>x-M<0«ffiffl9OESX»3ig% 

xitu mmmowmomzx 2 ft stt. xi< 

fe-e*x-A©'J>&< tt>»IbfcJHll©SB<DBSMI 
tfX3 (X3>X1) ICiZZ&vK.mWVhQX-lrZCt 

[1***9] v"j3>^x-MOaffiffllJOffi^i5e% 
XltU aEfflJ<DB3K!>*S5:X 2 ft3t#. Xl< 
X 2TS>SffiU»3SP%#-rSv"J 3V>x-/N%2ftffi 

3Su W"?x-/Nosffi%aawBgbrc^ -^©^x 

(i£AS) *fl5«U ■JSHfi£<0'J'x-/N (-s-x-i7x 
-7 \> t SB«S ^ fcttt!rt?lft«yi*4n * T WK*'h*iS 
■T#yK«>x-/N*im«k:fiJBiLTte»)**)*'>x 

#V K?x-7Nffil|cD«E©ESMftfX3 (X3>X 1) 

fcfts<t3{cffi^oioi-r5«:t^afrsfts»3^to 

-tt*x-7N<7)§!iit£i£o 

Hi^iiio] ^'jsv^x-MogEiaioauijn 

£XltU HE{iJ<DE®»?'|g£X 2 ft £t#, XI 
< X 2 T'fe-S@5f 08P%^-r 5 > 'J 3 x-m* 2 «{ 

$T«0ILTft!i5i&*3*aSO^to-«i-'>x-^*f^HLfe 

^ft50#*3-«t'>X-MO'>ft< tfe^JILTcSffilJO 

[M*JS1 1] ->'J3V>x-M(OSBfflI<Dffii!!Jt)g 
5rXlJ:U *ffiffl©ffiB9««:X2i:-r*fcSN XI 
< X 2 T'fe?>BK t) gi55rW-r 5 •> <) 3 V ^7 x -/n£t 2 tSc 
ffliftb, H'>x-/^Sffi ; &^BSf^b7c^ -^(D? 

Ttfx-f * y<7}'>& < t fe-**a A lt ^Wta/J^rS 
iWP*>K»>x-/N*SM|*KMlBLTIfiO^*)*^ 
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fc # y K x -zMM©8®©®$? (3 gP^^SBffi! 0 ftpl 
1 2 ] ttfBMfifiK 0 ioi*fT i »fc, huIB 

K&oTW ! mt&ck*ftw.k?zm%m\ oiftBi 
1 3 ] w#js snrnm^m 1 2 <oi/>i*n^ 1 

£X-ZN„ 

[0001] 

MlfiOptotS 0 I (silicon on insulator) ^x 
-,\>$$s(\,>7 yigy K^x-ZNOaStJ^fc^x-^N 
©SS!ii£fcfc:KIU «f{Ox-/NOJi.HWt4f *W* 

fc^MgaSLfcKO^-fo-es 0 1 ^x-MStf^u^ 

h^yF-j/x-MMmc^n&osjfi^stBB-rso 20 
[0002] 

[ft*©j$ffi] «>ynyttffi<>x-/-N©-ttttftmjfii 
Jtai-fsx^xigj:, x-7i , xsti7c^x-/N©7 

[0003] mmmwmjimc&^Tiz. iv^ya 

VSx-Mfc^e.A^ffl^WcJiot^y^S^W 
IS 0Mft¥9W) tit)»ffift±tf*n*o-p, ^© 

twcktfsi. ) tpftfnsfflwtf^ft-r*. c© 

©T\ Cftfc/A/^azl/Wmr-f&SL&tttUf&e 

[00 0 4] fcC3T\ COi^ii/'J^ygl'Jx- 
/^ffl^TftSO^^SO I ^x-zN^ftHJ-f £Cfc*< 
fftott5o l59£-fo-es O I.^x-zMi. 2&©i"Ja 
V 7 x-z 3 y»{t«*^LTIfi»)***a«T» 

0!I^tf1$^¥5-4 6 0 8 6*t&$gKj*£ttTV> 



a; 200-12 0 o*coii«TiftjaaLT*s*a** 

[0 0 0 5] &ffl.S*fr& oCk fc J: Dtt«&A#ffi6 
6ftfciS •? x -/Mi, *©£©PIW8Ml8ft< 
pJffitfcSfcfe, *?ff«ffl«>x-/N*PHiJ&tn»*K: 

^-^©Pa^x-z^Sti. WaLfcji*)^*^^^ 

Tft«snfcte«5^t)^'>x-/N©^Spfcti, «ijs.»f 

[0 0 0 6] *-CT\ Wlitff1$BB¥6-l 7 6 9 9 3^ 
2ft©>"J 3 V>x-/^»{bHI*^LT* 

8£3M*<i«*&ftfctt9£t>tf$x-^©ttJ«©^ 

-z\) fcOttfcfWOilttSTWlWU tt&ff 

V K"7x-z»£ffli|iJ • ffiULT, Bfa<DJ* 
5 $ TSUPtorf * C t tc J: -3 TR5 D ^fr^x-zN* 

[0 0 0 7] C©SStCj;n{f, ^-X^x-zn©^ 
*SES-TSCf:a<, *SS£gp#©l$£#RjfiEfc&5 

Tli, £££*TsK>K*x-^©ttJS«fr5'>4< t 

■s t> x -z N%Kf btt»B««t'if iftjaaf 5 c 1 1 <t *} m 

^gl5«-^fgMf 1 1 -2 6 3 3 6^ 

SK>Sfcii>K:»iSiST-S^IB©KfkS»«ia^«es«-eS« 

3 6»CgijO¥ffikLT, 2tt©«>x-y^aii*)^t>«fe 
il>>x-zN©^gp«r|Bl^fcWfiiJL, ">x-zN©iE 

¥4-4 7 4 2 *§&$8£!fiS£*lT^S„ C©?iitcj; 
ntf , S O I g^±IE^B8 3 F 6- 1 7 6 9 9 3 ^&$B© 
*94*MSM*««Oft^S0 I ^x-zs*^e,ti5 
A\ ^-r^tSO I Sx-/\©8MMgj;i)fc, • 

aBao^x-^iacfi^x-MfcbTffiffltftwntf 

^^^l/^tV^^^fe-Dfilo $fc, i/'j3V>>x-ZN 

n±%iMtii%^«-fii»»is-eT«uaa*ffv«* 
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[0008] -5, ifi*o*w*7 f /w^©ai«>Mk. 

Si*efl:fc:#l\ S 0 I JI0JP?(i£&«81({b£KJ* 
*-ttOft±J!«**tlTJB0, *f*«KttO. 1± 
0. 0 1 /xmgacoM)fRQW^-14A^i:^tlT 
COJ:5ftHW3atfilW^Hx*feo»«SO I 

zmmimwitLT^ mnws-z i 1 1 2&f%&mc 
[ooo9] c<D<t*>£*.mmmt. -Kwjziy 

tt, -73©->'Jn>>>x-/N (J^T, t^F^i-A 
£fl-LTftKf<07x-M OKT, ^-X^x-Mfcl^-p 

S) fc*B]*T®@fc*S£LTSO I ^i-ZNitSfiffi 

V">x-M|^±?:ie-&-r5<li:t,T-f 5U ->'J3V^ 
x-/N|B)±;&*S£-f 3if-&/ctf < * ->'J n x- 
/^C^^yaALT, ^-XSx-MfcLTEH. BHb 

tmmziiax.z£.t&<.m&-&m*ft? so 1 *x- 

[0 0 10] ccfifttifttf, M8®tt&ff&ttffi? 

s o 1 iois-ea'fifttB^s 0 i.dx-mji 
£»#tt&59^fo-e®-e#jtfn*<D-e, me© ±5 a* <o 

,StWLTfc0x CM, S 0 I Jf<DSiJSi$-1i, **» 

(WStifcS 0 I *x-/\©JBffl»*BaW*i:. *<- 
X^x-M©^.iiJg^c,rtffl!)'N|R)^-pT$>I l mmi0^8 
fcSO IEWflJ^WfiSLT^SCfcAtfofrSo Ctx 
S^LfcM^x-M<0^Si5£DWS^b©Kg(CJ: 



[0011] 

[»fiKU9tt2iH] U±<D£olc, fit*© 
ffiSf^^x-z^ffll^Tl/^fcfe, ^O^x-ZNODJia 

^ncfiHLT, s 0 1 moGtommwmfrto 1-3 

mmgJ6ffi>jM£ftS*\ &SWS\ SAIS^JigP^T-^ 
ffinJfttcLidilf a^oaSBfS^x-/N£0^ 

fclg^tfi&g^SnSfciiK »Mp°p 
(*>K)f) WB»©5t^^K:8BLTK!>£fc-&SO 

i ^x-MfciHHsopaa^ofco 

[0 0 12] #fgl||H:C©J;5fcr<gjgj£fc£#&;*ttfc 

^aBwa^x-^^ia-rs^ffi^M^L, *&ic, 

c©£)4£&5!)£fc>-fc!-SO I">i-AXIijf^Wh« 

*«**<*v^6»fi» tfc s 0 i y FJi**rr* 

[0 0 13] 

a^x-^(0ffiffiogi5<offii{0iiitt< 04tc^-rj;9 

{C. >>x-MgSffl!l<0®ffi»)*iX 1 fc, 'Ji-Alffii 
©®ISlt)<BX2<0^tffiJtttX 1 =X2 (^J^tf, 3 00 
±2 0 0(tm) T'fe2>CtA^<, '>4<ttS®0^ 
®Sf^^rjT5But®^0i)DX$n5o ffl^{cJ:oTti. 
XK X2*S%5ilk:l9:^-r5«^fefe«^ ^Olf 

^x-zNgBoaaws^tcsffiow^assfs-rs' 

[0 0 14] *893*&ti, C£0®©?)Iigtc»iL, 
t7 1 -y Na®^a®5f^ Lfc^{cSSS®(l9®K 5 SP 
I*-mtf, Bfg^Ug&#<D-gPxf;:tt£SP*®!S9*S 

^m»cft*ci:*»aLfc. fcffu mm<ommxm 

fCT«, -^x-MgScDif^tutaBCaOBffiOgBtc^ 
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tbmtwm k> mimmvM® o m «t •? < -r « c t tc 

9£fc-£S0 I *i-aXBW!/J'KVK!>x-m 

MSMUfc s o i Bxa^vFJisr^-raaso^to** 

x-/N*«ff-pt*. Sfc, SO I "7x-/\©HJ8fl8 

SOlMlfm.fcOSW^ili^cB, SOU© 
SSfiijO®^ (3 (i*j£tf S ^ 0 Jtal^Tfcfc < 10 
T fc , '>& < t fe S 0 I Jf §l<OgB<D®ffi 0 $£§1®® 

s •? taTAif^tt. f—fmm $ fc«»efN'iJSpi^'f7^ fc 

[0 0 15] 

*#B8 U4 6 » WT * s *5| W tt C ti 6 K H JE « ft 
St<OT*tt*v^ 0 1 tt*8fi8K&Sv/y3><>x-/\ 

COO 1 6] IS (a) 14, ->>Jnym*S B B B ')'>n'y h 
%7-r^-V- J f>rtffl^JiC<DX5^-9--*ffl(/^T , >x- 

/^cx^^xinxufcx^'f x^i-m 1 t*s-s>o c 
s^o-rso ^os^oaxg (b) icmt&ofc. g 

SffliJl a<OS^t)ifI5rX 1' , gffifflll bcOffi®t)*S^ 

I-f S, €-LT, ^<Dffi®») finite* ^V-V^yKSH 
*-f-;!/£ffl<,>Tgffil»J 1 a £:g®fj 1 bfclHIlStc&Dl 
LTt, «^»S9BH1 afcgffiffiS'l bfcSWcfiOlL 

[00 17] ->'j3>7xWM<D^gigP<0®ffiOiai 
*fir>tz&. Xm (c) T'ttv'yfcryyfcl-y^Vtfbn 

^©HtC^x-M^Aft, efbTVl/S-SASAO® 40 
5Ci:T->x-Mps^7-ylf>^-r5o C<D7-vV> 

**ft-r««, 5 >y vyvmiT'imx&frttSLicmz 

T't i6, ey**^jtalg#jf Srf&S-TS*: 
a&Oft^ttftx -y^y ViiQXltfi oo ZcoiLvT-y m 

n^Dffi§8t (NaOH7j<^fK) ^ffl^T, SSA'&K 



>y * V ytc J: D g®fflj 1 a &tf Kffifli 1 b <Dim K> ff 

f-ft^ftx r -»x i (x r >x i) , X2' -> 

X2 (X2' >X2) t&S. iSk 7-ye>i7lg^tC 

SftffiB 0 Jjdi£?t& o x -y f - > 5 *& 

[0 0 18] Xg (d) T->'J3^i-/M(D 

fcf, K O H Oct -5 &7;l/* 'J flffc: 3D-<^> "J 

So 

[0 0 1 9] S/U3y»>x-^M©*ffiftll aSaffii 
Mbfttt, 18(e) TXSff 1 aOH»SP^ tom 
»0BtfX3 (X3>X1) tcftSck^klffiffiOftPI'r 

xs (c) 

a?r¥®TOiJb, 1-5 /imifiOTWJx-yf 
V^fiSLfcm, XS (d) <D«ffiBfSXgT*»fStt 2 

[0 0 2 0] <**«*2>CO*aS««2tt*»6KK: 
Hlfixe*HiatfH2*i:S^*Si?8"r*. ftSO 

^2tt^>'j3>')i-AU 2*i<HSSJ8Sli 
>i:|H)-07iftT* (a) - (d) (OIi*gt2S<0« 
M^xw^if|) 0 ^JC, Xg (f) JCfe^T 
2tt^'>x-/N(09^. -15<0*?*-^ (*VK*x- 
/a) i*J»KftLTaii»ctt{kBI 3 c<o^ 
it^3(ctSO I «>x-/N<oa«)5&*l6{fc«kft*<OT, 

2. .ojimgfitfssisnao cos{tM3«#> 
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^fcOUfc*. C^, 18 (g) 0±iCIWO")i 

-/> (^-x^x-/n) 2 tzmm3ZftLTm#it 

*H«TOSiai?*ffiWaffi|B|±€:ffi«S-&*. *L 

[0 0 2 1] frlCXfi (h) Mu t^F'Ji-AlOS 
WiDllST, *y x*-/n i £*©gBffl!)a^fcJP 

S 0 I-Jg r W?ttt±tf4. Sfc, BfffiJWS&lcgU: 

Mtgx-y^y^" («IJ*jf, g?2 5 6 5 6 1 7*a«fcE 

[00 2 2] 18 (1) tt, SO I Sx-MfcfcttSg 
SiH (SO I € 1 ' (ft)) ©MMMP*ffi89"r*BRt> 

ftDxxax\ souir ©fljSiita&aiM-xsx- 

/ n 2 ©SB«©ftffltt$©0W U8# WVH^i- 
MtojMSfcWtf] «Nt£-r«gBftt)WX3 (X3>X 

^f^^{C{iX3>X2 tt^itWJU^ 

s o i mmmtDmnmmzmmvhaxmc'no ctt>r- 
ts= w, soma, »<Tfe»+/tma«Ta&*ft 

B« 9 
[0 0 2 3] <&ffl&ft3>C©*ffiffi83& -<*V 

a xmmv s o i vo wv tnx&n *> as o s o 

I 9x-M©«i8l8*H3 (j) ~ (o) tcSo'tlK 30 

wt*. Jtr> ftso^-a-tc{effl-ri.2«j<D->U3>H7 

x-M^rfflSc-r^A^ *<D2ttOe/«j3>'>x-^ K 
2«<fgjMI«2>fc|S]-©7S!£T\ 01 (a) ~ 
(d)RtfH2 (f)-OIi*8T2ttOfi-A4i 
AW*, #KX8 (j) T\ IMUl3*»*Lfc#yK 
■j?x-/M ©-7j©B (^-X0i-A2ti^t5 
B) ©±ffl*>P>K{bil*aLT7j<JSl'*>*fttt#7!fX 
^*y©dV>fc< {C£T'liAi%'{*» £ 

-£5 0 f:*>©ftAi&t«&5 X 1 0 ' 6 atoms/cm 2 W 

fT3JBBKH6tl*tO"P«ft<, IS (d) 
fc^x-/Nfc-f'*>aALTfeJ;l>t(OT-&So *©t§ 
^-X^x-M2{cfclt5^y K^x-/M to 

[0 0 2 4] iWc, ia (k) tt, ■Y^yiiALTctfV 
K-Ji-Ai^W^viAMl («Bfflll a) «\ 
K(0'7i-a2 «)i®l2aicl so 



1 ° 

TT2ttO!>i-/^aBS|B|±%Sf»S**cfcK:S 
!K »«ffJSS*fflV>*Ck*<'5x-MBI±6<»«-r 

[0 0 2 5] xa ( 1 ) fi, >C*>'iiAK:J;»)JBfi!c£*l 

-M (H^^BS) t SO I *x-/\5 (SO I86+S 

tb&*mitM3' +^-x->x-m2) tctturfSiiJiSi 
sshstft- 4oo~6oo ■caje<osjeT'^Ma^*nx 

titf. ^ B B B ©lliH?iJtMja©M»fctc<J:^TiiJgi^x- 

t & * aau&Beis&tf & * n « . 
[0026] so 1 ^x-MSfcTv'vrxftsaxaT'te 
ffl-rsfcftKfi, xa (i) owiiRuaatists** 

T-«+#Tfcl/>©T\ xa (m) ©«£JKMaSiLT* 

T, 1 0 0 0 ^«±©fflJK"C«Wr*©tfiff$ l < , <t 
9!?SU<ttl 1 OOlCfiLhiWaiT**. 7> 

7M*»§©j: 9 • ft**ai»ii*/B^n 
\s, 1 0 0 cc- 1 3 5 ovom&v 1 ~3 0 o^as 
©ffl«MT+#ats*5S«3b<»6n*.. xa (m) 
©ns^saai: bTxa ( 1 ) mmm&mzmtiT'rt 
smtiictexm (i) *'£®?%t ttTts. 

[0 0 2 7] ^LT, Xa (n) tt, S0I^x-/V5 
fcj3tt**ffi« (SO I 86 8) ©fl.JI$ffl5£B$!?-f 
SBftOiOXXaT', 88882 £BI8(C SO 186© 
^iia5SU r '<-Xt;x-M2©SSffi!J2 a<Dttffim® 

ommris&ft o-KvF^x-^t©*^^) «Mt 

S-TSBIXOilX 3 (X3>XK S?St<ttX3^X 

2) t^i.^^tcBKOinx-r-i.o (Sj, soma, jy 

[0 0 2 8] Xa (o) tt, &g£(5i;TS0 I g©g 

<l ©xat LTtt, ^. >y U y ->x t n (f nsBfet^ 
©ffi»T'>ftl/>W^ (5HKSnma£©Wgft) ^tT 
9o «±©lStJ:»), «tHR*{B«©4t*t)^* 
S 0 I ^x-/N^f^K-r.5c: fcA^tfc. 
[0 0 2 9] <*ffijg«4><£S6!g82>K*5^T 

t±, 0 2©xa ( D tso 1 '>x-/^^cfe^isgs^ilJ 

©*Wi»»*. ®3J»)^X3 (X3>X1) fc&5<k 
5£®&9iDX£froT^3#. <*16teSl4 >k:feo> 
TfiSOIMl' ©^^gPRt/'<-X^x-M2©S 

SO IJlQ^&gP^^S-rSiifttc, -<-X^x- 
/N©B^0gP^¥S{fr5o E8 6tt**«5ffia»c*^T 
ffiffl5Jtg^^a®3{r,SS©ff'JT'fe5„ ^BB^OSS 
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1 1«, RfBtfOSHMil 2 0SS1 3fC, £x-mW 
[0030] (h) T»€>ttfcSO I «>x- 

s o i ji r o^Hiiffi^nwttow** 1 2 tog 
ttciotsoiir owjs©5iua^»a^i«35« 

T?«ffifflR D J0X*fT 5 C fc J: o T"<- X 9 x -n 2 

-/\2oso \ m%nmm*)unmx 1 ai$i:A,^sifc 

Lftt\, >>x-/N<Di1.j58P<OPJB^U*VJ>Sv^ig^K 

f-^SOlil' ©ftJltt^&tf^-X^x-^ 

Hfl¥8- 1 6 9 9 4 6^«tra^*tlT^S«fc5 5:S 20 
[0 0 3 1 ] &EffiKDiini£fi ; Sfflfc:. 06© 
lr\ ^x-/Nt®EOffE^^-StbT, 

{lfr£tij£tf3 C fctf BJb&c&So S 0 1 Jf£>/I£tf3& 
Kfc^Tfc, so iJlog&Bfj^fctlffiSflStiftox&fc 

[0032] <mmmm5><mmmm3>icio^Tit 

m3<DXm (n) T'SO I •>x-/Nlc*5W-5gffiffiO©fl. 

iQtttt*, li^tfxs (X3>xi) 
ffiSS9iaX*fToT^-SA\ <|QMStt5>K:fe^Tfe 

<*^^ii 4 > tmmic soii6 (o^mm^Rzf^- 

X <J7 x -1 \ 2 OgffiffiilOSSj 9 gpfcit®®© D JtaxfcR 
SCfcKJ^T, SO I «©**§£8P#£Bfc£-f 

fc <£«flB* 4 > T'IKBfl Lfc@ 6 (DSS^ffiffl-T 5 C t 

[0 0 3 3] 03<DXg (m) T?fcC>ftfcSO I >}x- 
/n<D S 0 I M 6 attAfl^tf PJffittOBMffl 1 2 ©8® 

fcft»C, ^SKftUT^-X^x-^oaflfcOSWR 
W«teW»flil 2<Dg®l 3lcSttti.J:9 4ft«T'^ 
aa®0J)DX£:f7 9 C fcfCfcoT^-X^x— >\2<Da so 
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w>utmm<tzti*. avuGMt, ^-x<?x-;\ 

2<DS0 I»«|OBBK!)»©«X 1 ttlSfcA/ifSftLft 
»x **S6««5»C*3^T , £,M2U^<*S£S1i4>t 

rial jjiffiaraioiDXftffawK, Bg*w?nfcr 

-7* SO lS6<OftJS$8RRO*^-X*x-;N2<QS 

t±x tSW¥8- 1 6 9 9 4 6-9^$B»cM^SnTl/^<J: 
[0 0 3 4] <|U6»tt6>C<Olli6»»6tt^-1'H' 
il^>>U3>>>x-/N|l±%|fi»5^S^^V>Ttt< 

tf, ^©2ftOv";ny>j7x-/M x 2ti<HSfsi^«ll 
>t|3)-c073ffiT' (a) ~ (d) C0Xg=&ST2l5£0m 
BBW«">x-M«*fl|-r*. *K, X8 (g\) ©J? 
fcifti bfc 2&©>"J 3 V>x-/\ F^x-m 1 
t^-X^x-^2) *»}*ft»H«"F©£fflT?*IBW 

'vMWflSLT, IS^3i«*iB*!>4. ^S&g©SSfcL 
Ttis 1 0 0 0 1 CLX±A^SL<, iD»IL<(il 1 
0 0"CW±^«j§T*fe«o 

[0 0 3 5]«^T, IS (h' ) T-SOi-m 
(jJ?yK^x-/M) ©jgW4pXXg*ff-5c <*SS^ 

fafri TfftWS-Z*. T'W®\M5Wife LTRlrg©* 
VKJiJ»Sfctt±»f*. Sfc. WffJW*«CMtafflx 
(WAHfWiHOP-ACE^rki*tfti«»ffi4 

[0 0 3 6] XS ( i ' ) T-<^SE^«2>t|Hl 

# > KS 7 O^JfMtaiSt/^- X ^ x -m 2 OSSffll© 

5^) *»*-r*ffiB{D«X3 (X3>X1) t4S<td 
tc®SJi5/iDX-r?.„ ffiSJ»)ilDXtts BuiBcD^V-Vty K 

s tc tboyx. y ^ v y^msmi 0 ftox^MiD-r 5 c t & 

[0 0 3 7] <*«tt*7>£10*SS««7tt^U^ 

KVKf x-^<OSiji^T-$.'3, Kftais^s-rfc 
itS -> 'J 3 > >!; x-/n[h)±*R5 •? ^5^*^>T (i < 
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as (j 1 > - (o* ) icm-3zmmtz a uo 

. >fc|Bl-0^jST* (a) ~ (d) ©ia*«T2tt<0« 

[0 0 3 8] ^C, IS (J* ) T$HIbft2ft©i"J 
Wi'Fii-^t^'Ji-^) CD 9 
■&-£©£ x-/n (#Vh">x-/M) ©— 7?©® (-< 

axS«fc*^T«BteWft«'M!Hai (MAS) 4 
£flM2#*o f'3t->COaA^«a 5 X 1 0 1 u atoms 
/cm 2 «± fcfSCi: A«!fsLl,\ *IC, IS (k' ) 
fiY^ygALfctf'y F<7x-m 1 flfcSOx-M 
K-x^i-a2) ©S®«cSfc£-£T?Bii2-e;|> 

ist?**>, urfflonf^»H^TT*2«f©^x-/N© 
fc*<«>x-/Nii±*^#-r5 0 

[0 0 3 9] IS ( 1 ' ) te> -f^yitAtc AOJKfiKcf 20 

>k®7+^-x«>x-m2) K^K-rsMi^Kwaai 

TM 0 0-6 0 0*C8S«0ia«-p«HffiS*ftJitntf, £5 
S©ff EM t MrS©?!!* «fc o T*i|«* x -/> i: ^ 
h#VK£x-M8K#msti£i:ra>$tc, SST 

[0 0 4 0] ?-fl/f h*>F">x-/N8^T ? ^-f'X^ 

siSTffiffl-rsrc^fctt, is cr ) cotijgt^s 30 

Ki3i££#-m+#T-;&t,>CDT\ IS (m' ) ©|g£ 
ft*, c<0»iSaS«, 0d*tf^S1±»x»HiaSfttt8 

fttt*"xsHMT, 1 0 0 ccwicDju^T'Saa-r*© 

tm&L<. iOJfSKSl 1 0 0"CJU±*WJiT*fe 
* 0 £ ft, 5 >:/*□&»§©£ 9 Km&bam • Stttt# 
ss^fflvntf, 1 ooo°c~i 3 5 0t:co?gjeT-i~ 
3 0 o^aBtoffl^M-pt^att^aft^ftn*. 

X, IS On* ) cD^^SQSfcUTlS ( 1 ' ) ©PJ 

•JSMaa**toTfT-5«*K»4ia ( r ) **wr« « 

[0 0 4 1] f- LT V IS (n' ) «, *f-fb* FsJ-CV 
K"fx-/N8fCfett*gS(D (tfyFJf 9{flJ) 

# V KJ1 9 oWmmtfUklf^-XV x-/n 2 ©g®{D 2 
a ^UBf#. (tf:/F*x-/Ni:©**S 

*M5Sr*a51i*>«X3 (X3>XK »SL 
<teX3>X2) fcfcS.fcSfcSS&OAoltS. ft, jK 
VKJItt, KTfel /imSST-fe*fcft, offlKDMK 
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[0 0 4 2] IS (o' ) fct, i&WO&UTtfVKJi© 
(MKS) tc Ate «fc 

* 0 c©lS£bTte, ^vf^U'yv'atWtiSi 
«tt©«ftT'>4^8f* (5~»Snm8*OJ9f*ft) 

t ft Hi 0 x -MfcfHHT 5 c t ft? * ft. 

[0 0 4 3] <*«tt*8><*««»6>K«5^T 
lis 07 ©IS (i' ) •P^U*K*VK'>x ; -MC 
*3lt*«S(W©^i»Si5^ W%WmtfX3 (X3>X 

m >cfev»T»#v f*7 ©njaitgps^-x^x 

-M2©S®tJ©®IX9^£it®®®9*0l&fT7 C t 
KJ:oT, #>KJi©*£#W#*li>£-t*i:#fc, ^ 
-X*x-/N©ffi«ll>»*¥8fl:-r6 0 *£!MBttfc*J 

TiKB^bft^ 6 ©gi®®$ *> &mzi&m-t * c t# -z?t 
*ftft, g^&itt&ttse-r*. 

[0 0 4 4] 0 7 ©IS (h* ) 71i?>ftft*Vb* h 
F*x-^©tf > K» 7 ©ttJS&SPtfRfS:!*©^ 

*m 2©sa i 3(cgM-r* ida^g-paffisiSDJiD 

I*fJ5cfcfcJ:t>T#VKJi7©ttJi©5iaS£»»# 

*^**n*fc«K, ^skisd-c^-x^x-^© 

El^^mtStfKgfJgtfi 1 2 ©SSI 3£&&!rt*.fc 
3 &8gT*gtffi®IS 9 tnX*fT 5 C t K £ o T"<-X * 

x-m 2 ©®^o as^atffift^n*, c©«^tt, ^ 

- X >> x -/ s 2 ©*C V FJifflU ©®5? !? S|5©tS X 1 « IZ t 
hEmtL%.\>\ *> x-/N©^SP©WS^b*Vh$v> 

snftf-^t«v kh 7 (Wiwat^-x")!- 

/N2©S^DgPtcg»-r*J:5«:ftfiT*7 L -^W^?:ff 

tuELft#IW¥8- 1 6 9 9 4 6^4tf8fcMj*Sft 

[0 0 4 5] f ft, aSS^Oi/Dl^f 9sutc, H6© 
^ST-njS3«©5fJi^ 1 2fcft*TP9W«0«5%ffl 
v\ ^x-/Ni:®5©?fE^ ; Sr-Si: tT, 

*» f— ^WaMPl^ttBffliJtal-Ptt, ®aS»3gP©i|i^ 
cfctt-r.#*W>'» *ft©a«KJ:?) 

5^oyfc/fl/->fe©T*(i, aSS^O/JPlBufCT-^W 

mmx* wmMtmxzfj? c tote* t^„ **ss®<t 

[0 0 4 6] <*aS««9 ><**»« 7 >»Cl3^T»i 
08©IS (n' ) T'WU? h#yK->i-A(cfey 
*affiffld©^SSP*, ®SZDtStfX3 (X3>X1) 
t^*«t-5fC®ffi0i!inl*f7oTV>**\ <HjS5<g«9 
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>ic^xt<mmm^8>tmmic^yh'mQ<Dnm 
SSP&tM-X t> x ->\ 2 ©asfflfl©®® o sbstsibb 

Tti, HuI2Lfc<^^4>T'ittH^L/cS6©^S^ 

[0 0 4 7] 08©Xg (m' ) T'f#8ft*:2V h 
tf V h'-)i-A8 ©# V KH 9 ©ttJS»ap*«RWtt©W 
^ft 1 2 ©^B 1 3 fc&Wrr S J; 5 &SST*§1BB1& 0 io 

' <mi*fr 3 c t ic j; o r # v he 6 <onm ©*&£Sisa$ 
^fcf5i;T^-X'j7x-/N2 
OffittOaWnWttfcBWfljl 2©SBl 3fc«ftW* 
<fc 3 fcSST'gtBBIfc 13 iDXfcfr •? C i: £ £ o T-^-X 

^-X^x-M2<05j?y FJf 9ffliJ©B$9BP©1>IX 1 »i 
««!Htfcft4. M, **«««l9»J:43V>TtWIELfc< 

^zi&mtLTiz, 169946^ 

So 

[0 0 4 8] <H»>->'j3>#iSi£ B B B 'l'>3-y 
■Tt-y-%ffl^TX7-f^U Htll 5 0mmf)->iJ 
SV^x-^ftfiLTc, CtlP><D-j7x-MO^SP% 

1 5 0 0# (J I s%m) ©^-f-^y F5£S* 30 
-f-Jl/fcffl^T, SB§J©BIK!?ig (XT )tf350 
ftm, BBffiiJ©B&9itI (X2' ) tf500MmK:&3 
<k3lc (®U0ftStt*tl2 0 o ) t OiDl'&fT 
oft, 6S5J»)jinl1tO>>x-/N?:g{ft7^5-'j7A©l 
2 0 0S<D5g(8®e«r#^£X7U-T-itaElHll£ilPI-r 
5 5 <y tf y ?X8 (7 -y 50/im) %ff ^ 

mm® (mm, y-m, vtwoufrkiem zm» 
tiaxmfrzm£Lrzo sb{rij©#&i o/mn© 

TffiflfM ( 2 0 0 0 S) rV<£, N a O H7j<fgj£lc 40 

*'L7c„ C©^T-©65ffi0*@tt, Xltf&130/i 
nru X2tf£«]3 0 0/imT'&t>7c„ ?LT, g&KSB 
W*$?I2 /i m©* ft /O-S^/l/SfgfcfY? 
•^^©ffiaT'^&^affiBfS^x-MfcftSLfc. 
[0 0 4 9] <f§!/2ftf;:"?x-/\jb'>e>2ft OKVF^x 
-/\ ^-X-^x-zn) fc&OtbU t^K^i-ZNt 
LT*©gBK&K{fc§i*4 0 0 nmfiMLfc&, *© 

(49 0 k e V, itA3§fitt8 X 1 0 1 6 atoms/cm 3 i: L so 



->>fc*£fiTfc«;£-e\ *©#«ts*»h«t; 5 

OOt, 3 0»O«H0a*ff-3fc. *<0ISS, 
x-/\*W*^aAJi1?*Jl8U *5.0. 4/imI©S0 

n%st«soi')x-/\tffi«jnft. c©soi 

^x-M©^£&fi£|6LL2-£37cJ&, 1 10 0t> 2 

-x->x-M©^«t s 0 1 mvnmmtommzm 

SWctC5, $53 0 0/xmT**^fc o IPS, J^VF* 

<fl/Oil>iS:l^aiiilM!)i-"*i^ftC tKiO, & 

fft>frr>tzc *CT\ C©lt!3»?£fc-eSO 1 -7X-/N© 
SO IJBffliJ©EKt)SP*, BBHJ©B®>)*IT'$>3&3 
0 0/im»C-&feHiTBIS!t)iDXLfc. BEDiWXttl 5 

o ofo^tti' KSE5*-<-;v*fflt^rffv\ *© 
t> mmcso iwsBfcssf^-vixA^-^-f 

WftO. 1 /tin) OW**fTofelS», ftJHBfc£SI$© 

[0 0 5 0] («, *»gitt, ±K*MHB«fc:IBi£<£ft* ■ 
feOTttft^. IW*tf, ffflE<*«^ 3 

IB 5 > 7?fi -r * >ax*J«iatc i^ttoi/y^^i 

-/N%»{kil*^LTe^S-«*-TSO I ">x-M*f|F« 

-rsxatov^rKWLfe*', ffi©aso^fe 

■ft->x-/N©^73ffi, ->'Jay^i-/^±^5^ 
to-ii5Ji^©*Se)-f> i"j3yi7x-;\lc 

ALT, cnt S i 02 , S i C, AI2O3 «©*g$f 
ttt>x-/Nfc«riE«$S^bT S O I «>x-MflsB!r*» 

7k*'T*y«IIi}*K*V^TlM!WI**LT«li-rs»^ 

ffl-T4Ci:*<-p#*. Sfc, SBBf^^ SO ^ 
VKJUgdtaofflWOiQl^, ^BB^0)flDX%ff9^ 
fC«, KBWS-fSOIS; ^>KS©aBSr^'J tTx 
;l/^7-;l/©«t -5*«ffi©»JlT»ai Lfc&K. BS 
0 ftQX^SIBBffi 0 JjDXSrtT 9 c t tc <t otgffi5:SI 

fi£fci©T-&ntftefflWHET-&So 

[00 5 1] 

[S^©%^] *5gW©iS*3S 1 fcee©->'J 3 y^x 
U) %<i «T f U 3 V •> x -/ n*?# S c i: #t- t 
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* o , s o i m*mt% 

IS5**3-a:S 0 I *x-/v&«#T#*. X, 11*^8 
-12 KEKO^rffi t «fc ntf, F»>x— 

*LT, Iti&Xl 3fc±»>, flURfcS 
[B 1 ] 1 K«*«!Jl*j£*^-r7D- 



•[HI] [H2] 
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[H4] ">x-MO««ffij»m»lci3W*ffiflJi01iai©- 

[H5] &wwimxmT-$.vzmm?u<Qmi®T'& 

So 

[H6] *ffiffi«l»)SE«0-ffil*^-r«l«HT?fc*. 
[H7] *56WOM#«8t«SHJB*ffi*5Vr7o- 

[H8] *»KOBI#5l9K«5«3S*S*jiVr7n- 
10 [JWoBiiii] 

1 ■••5"J3>")i-a (^VF^i-a) 

3-WfcM 

5-ft59£fcHtS 0 I £x->n 

i • , 6-so \m 

7, 9-#VFJf 
XI, X2--WlgP©®Kt>ifi 



[H3] [H7] 




4 — C<J 
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[04] [05] [06] 




7oy v^-vnm.^ 

(72)rw# mm (72)%w# rasp bf— 

(72)SW!# 7C 



